Abstract: Idiopathic pulmonary fibrosis (IPF) is a chronic lung disease that manifests in hypoxemia, inactivity, and poor prognosis. This study aimed to assess the prognostic role of physical activity (PA) and exertional desaturation (ED) with mortality in IPF. At baseline, 34 IPF patients (68 (50-81) years) were interviewed using the International Physical Activity Questionnaire (IPAQ), and SpO 2 was assessed pre to post 6-min walking test (∆SpO 2 ). Patients were prospectively followed up for 40 months. Receiver operating characteristics curve analysis determined cut-off points associated with mortality, and Cox proportional hazard ratio (HR) were conducted. Thresholds for increased mortality risk in IPF patients were determined as IPAQ ≤ 417 metabolic equivalent task (METS)-min/week, p = 0.004 (HR; 9.7, CI 95% (1.3-71.9), p = 0.027), and ∆SpO 2 ≥ 10%, p = 0.002, (HR; 23.3, CI 95% (1.5-365), p = 0.025). This study demonstrated a significant association of PA and ED with mortality in IPF patients. The findings emphasize the clinical importance of PA and ED assessments to aid in IPF risk stratification, prognosis prediction, and in providing early appropriate treatments, such as pulmonary rehabilitation, PA consultation, oxygen supplementation, and lung transplantation referral. These results underscore that even low levels of PA corresponding to 100-105 min/week were associated with a reduced mortality risk and better survival in IPF.
Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease (ILD) with substantial morbidity and mortality, poor prognosis, and an estimated median survival of 2 to 5 years from the time of diagnosis [1] [2] [3] . Exercise-induced dyspnea and desaturation are the hallmark characteristics of IPF patients; these are associated with disease severity and worse prognosis [1, 4] . A threshold of SpO 2 < 88% during 6-min walking test (6MWT) has been demonstrated to be associated with poor survival and is recommended by the American Thoracic Society (ATS)/European Respiratory Society (ERS) guidelines as a risk factor for mortality in IPF [1, 4] . In addition, IPF patients presenting these signs and symptoms tend to be less physically active compared to age-matched healthy individuals, in order to avoid uncomfortable episodes, especially during exercise [3, 5, 6] . The importance of an active lifestyle was underscored by the World Health Organization in 2010, signifying physical inactivity as the 4th leading risk factor for global mortality [7] . Worldwide, 31% of adults are considered physically inactive, contributing to 6% of all deaths with an estimated 5.3 million premature deaths occurring in 2008 [7] [8] [9] . Moreover, among chronic respiratory disease patients, physical inactivity is associated with poorer outcomes, including higher mortality risk [10] . Nevertheless, physical activity behaviors were not studied extensively in patients with IPF; the few available reports show that inactivity is associated with more severe disease conditions and poorer survival [6, 11, 12] .
In reviewing the literature addressing IPF, we detected some clinically important gaps related to levels of physical activity (PA) and exertional desaturation (ED) with mortality risk. Firstly, the previous proposed exertional nadir of absolute SpO 2 < 88% may be different for patients with various resting saturation levels (with and without resting hypoxemia), and possibly has less prognostic sensitivity for all spectrums of disease severities. Secondly, physical inactivity is a well-established, independent risk factor for mortality in the general population [13] as well as in chronic obstructive pulmonary disease (COPD) patients [14] . Nonetheless, only limited data is available on IPF, and therefore it seems to be important to further explore the role of PA in this group of patients. Finally, IPF is considered as a fatal disease with poor prognosis and limited treatment options; good predictors of prognosis are still warranted for comprehensive risk stratification and for the implementation of effective interventions in the clinical setting. Considering the above-mentioned gaps in data, this study aimed to evaluate the prognostic role of PA assessed by the International Physical Activity Questionnaire (IPAQ) and exertional desaturation (measured by SpO 2 pre-to post-6MWT (∆SpO 2 )) with mortality among patients with IPF.
Methods

Subjects and Setting
This observational prospective follow-up study was conducted at the Pulmonary Institute, Rabin Medical Center, Beilinson Hospital, Petach-Tikva, Israel. The study protocol was approved by the Ethics Committee of the hospital and was registered with clinicaltrials.gov (NCT01499745). The study was conducted in accordance with the Declaration of Helsinki and written informed consent was obtained from each subject prior to participation. Patients were included if they were diagnosed with IPF according to the accepted clinical-radiological criteria of the ATS/ERS and were clinically stable in previous 3-6 months [1] . Exclusion criteria were: severe co-morbid illnesses, unstable cardiac disease, and any neurological or orthopedic contraindications for exercise testing.
In the current study, subjects from our previous exercise training study [15] were followed up until 40 months from baseline. According to 50 m improvement in 6-min walking distance (6MWD), a power analysis prior to the recruitment revealed that a total of 30 participants were needed (15 in each group) to detect a significant difference between the groups [15, 16] . Thirty-eight IPF subjects treated in the Pulmonary Institute were screened for eligibility, and 34 subjects volunteered and were recruited for participation in the study based on 10% expected dropouts reported in a previous ILD training study [17] . We have previously reported that at 30-months and at 40-months follow-up, group allocation did not affect survival in this group of subjects; however, the sample size was underpowered to detect such changes [18, 19] . Demographic characteristics were obtained from all subjects and evaluation for dyspnea by the modified Medical Research Council (mMRC) scale was made [20, 21] . In the current study, baseline data of subjects (n = 34) were used to determine the prognostic predictors of survival. Subjects were tested as described below and followed up for 40 months from baseline:
Physical Activity Assessment
Self-report 7-day short form International Physical Activity Questionnaire (IPAQ) was used for all patients [22, 23] . Each patient was personally interviewed one-on-one, and each item in the questionnaire was explained to increase the accuracy of the self-reported PA. The questionnaire comprises nine items to assess the level of PA at moderate (4 metabolic equivalent task, METS) and vigorous intensities (8 METS) , walking (3.3 METS), and sitting times. The score of overall PA was calculated in (MET)-min/week units, which is the sum of each mode of activity multiplied by the constant level of energy (MET) required for the task, as described above, by number of minutes performed per day, and by the amount of time performed per week [23, 24] . Based on questionnaire's manual, 600 METS-min/week (150 min/week * 4METS of moderate intensity PA) was considered a threshold for meeting the general PA recommendation [7, [25] [26] [27] [28] .
Six-Minute Walking Test (6MWT)
The 6MWT was conducted according to ATS guidelines in a 35-meter corridor at the pulmonary unit within the hospital [29] . Borg dyspnea Category-Ratio (CR) 10 scale, heart rate and oxygen saturation (SpO 2 %; Pulse Oximeter 2500 30 EM, Nonim Medical, Minneapolis, MN, USA) were obtained prior and immediately after the test [26] . Oxygen supplementation during the test was provided for patients who were regular oxygen users at rest, while other patients received oxygen only after the test, as required. Exertional desaturation was defined as the difference in SpO 2 % pre-to post-6MWT (∆SpO 2 %).
Pulmonary Function Tests
Pulmonary function tests, including spirometry total lung capacity, maximal voluntary ventilation, and diffusion capacity for carbon monoxide were performed according to standard techniques and ATS/ERS guidelines (Zan 530 Oberthulba, Germany) [30] [31] [32] . All the measured parameters were presented as percentage of predicted (% predicted) values of the European Community for Coal and Steel [33] .
Statistical Analysis
The statistical analyses were conducted using SPSS v.23 software (Chicago, IL, USA). The significance level was set at p < 0.05. Demographics, clinical, and physiological data of the participants are presented as median and (range). Categorical variables are presented in absolute values and (%) of group. Receiver operating characteristics (ROC) curve analysis for cut-off points' >70% sensitivity and >70% specificity to detect mortality was performed for IPAQ and ∆SpO 2 . A multivariate Cox proportional hazard model using significant cut-off points determined from ROC was analyzed for IPAQ and ∆SpO 2 . The model was adjusted for gender, age, forced vital capacity %predicted, diffusion capacity for carbon monoxide %predicted, and Prednisone usage. Kaplan-Meir curves were used for survival analysis. Subjects who underwent lung transplants were considered as fatalities in the statistical analysis, as has been reported previously [34, 35] . Exploratory data analysis using Spearman's correlation coefficient was performed for PA levels (IPAQ score) and ED (∆SpO 2 ) with 6 min walking distance (6MWD) [36] . PA and ED characteristics in survivor and non-survivor IPF patients were conducted using Chi Square test for categorical variables.
Results
The study population consisted of 34 IPF subjects from the Pulmonary Institute who were recruited for the pulmonary rehabilitation study [15] . All subjects completed the tests without adverse events. Demographics and general characteristics data are presented in Table 1 . Nine percent of the patients were on Pirfenidone at baseline, while 24% used the drug during the follow-up. There were no other changes in medications during the study period. During the 40-month follow up, 11 subjects died (7 women and 4 men). Two of the 11 patients were at end-stage IPF and underwent lung transplants, and were considered as fatalities in the analysis. In the current study, significant cut-off points for IPAQ and ∆SpO 2 were determined as prognostic predictors using ROC analysis (Table 2) . Patients had poorer survival with significantly increased risk for mortality if they presented IPAQ ≤ 417 METS-min/week, p = 0.004, HR: 9.7, CI 95% (1.3-71.9), p = 0.027 and ∆SpO 2 ≥ 10%, p = 0.002, HR; 23.3, CI 95% (1.5-365), p = 0.025. (Table 2 ; Figures 1 and 2 ). Exploratory analysis showed significant correlation between PA and 6MWD (r = 0.57, p < 0.001) but not for ED and 6MWD (r = −0.27, p = 0.123). Mortality was more prevalent among subjects with IPAQ ≤ 417 METS-min/week and ∆SpO 2 ≥ 10% (Table 3) . 0.001) but not for ED and 6MWD (r = −0.27, p = 0.123). Mortality was more prevalent among subjects with IPAQ ≤ 417 METS-min/week and ∆SpO2 ≥ 10% (Table 3) . 
Discussion
This prospective follow-up study sought to evaluate the prognostic utility of PA and ED among IPF patients. We found that PA levels ≤417 METS-min/week and ∆SpO2 ≥ 10% in 6MWT were significantly associated with mortality in patients with IPF (Tables 2 and 3 ; Figures 1 and 2) . In this regard, we have previously demonstrated that exercise training intervention did not show survival benefits at 30 [18] and at 40 [19] months follow-up, although the sample size was underpowered to detect such differences. Our previous report also showed several additional variables using pulmonary and ventilatory functions as well as exercise capacity in association with mortality among IPF patients [19] . In the current study, we found significant correlation (r = 0.57, p < 0.001) between PA and 6MWD, which strengthens the findings, since the latter is a well-established prognostic marker in IPF [6, [37] [38] [39] . These data emphasize the utility and the valuable role of PA and the level of ED evaluation for risk stratification and prognosis in IPF. The findings also underscore the possible survival benefits of even low levels of PA (>417 METS-min/week corresponding to ~100-105 min/week of moderate intensity PA) for patients with IPF. Simple assessment (5 to 10 min interview) of PA levels using IPAQ and ED in 6MWT, as we described here, can be easily implemented and used as a good practical aid for clinical decision making and treatment, patients' consultation for PA, and for prioritizing referral for pulmonary rehabilitation and lung transplantation. Physical inactivity seems to be an important modifiable risk factor for mortality among IPF that should be addressed more deeply with future research.
The results of the current study provide novel evidence on the importance of PA and ED for survival in IPF. These findings are consistent with a previous large cohort study showing mortality risk reduction with only 15 min of daily PA in a general population [40] . Our findings also support previous studies showing that inactivity was associated with increased risk of mortality among subjects with ILD [6, 12] . Wallaert et al. [6] demonstrated a significant cut-off point of 3287 steps/day with hazard ratio of 2.72 for mortality among fibrotic idiopathic interstitial pneumonia patients [6] . This threshold is considered well-below the general PA recommendation for elderly and chronic disease patients (i.e., 7000-8000 steps/day) [41] , and aligns with our determined cut-off point (417 METS-min/week) of PA, which was also lower than the general recommended PA levels (500-1000 
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The results of the current study provide novel evidence on the importance of PA and ED for survival in IPF. These findings are consistent with a previous large cohort study showing mortality risk reduction with only 15 min of daily PA in a general population [40] . Our findings also support previous studies showing that inactivity was associated with increased risk of mortality among subjects with ILD [6, 12] . Wallaert et al. [6] demonstrated a significant cut-off point of 3287 steps/day with hazard ratio of 2.72 for mortality among fibrotic idiopathic interstitial pneumonia patients [6] . This threshold is considered well-below the general PA recommendation for elderly and chronic disease patients (i.e., 7000-8000 steps/day) [41] , and aligns with our determined cut-off point (417 METS-min/week) of PA, which was also lower than the general recommended PA levels (500-1000 METS-min/week) [25] . Leuchte et al. [12] also found a poorer survival with 16.9-fold increased mortality risk in IPF patients who were classified as low active based on self-report PA [12] . These results align with our findings of 9.7-fold increased mortality risk in patients who reported PA below 417 METS-min/week. Furthermore, our data corroborate previous studies showing poorer survival rates in IPF patients with significant desaturation in 6MWT [4, 42] . The present study's advantages are addressing some of the clinical unresolved gaps, adopting a prospective follow-up, using sensitive thresholds for variables, reporting both the levels of sensitivity and specificity, and indicating the hazard ratios for death using novel predictors (Tables 2 and 3 ). Previous studies found a threshold of SpO 2 < 88% during 6MWT as a strong prognostic marker in IPF [4, 42] . However, this absolute variable may be less sensitive for prognostication of patients who already experience some degree of resting hypoxemia. Exercise-induced desaturation might be different for various resting SpO 2 levels. In this regard, desaturation of 10% or more during 6MWT was significantly associated with mortality, which overcomes the variation in resting SpO 2 levels across patients. Furthermore, the findings demonstrated for the first time in an IPF group that PA levels assessed by IPAQ are associated with mortality, and even low activity levels (i.e., below the general PA recommendation) revealed a significant reduced risk for death [7, 43, 44] . These findings are consistent with data reported in COPD patients on the survival benefits of even low PA levels [45, 46] . Moreover, the results presented here provide novel insights to a new and easily implemented assessment of practical prognostic predictors of mortality (IPAQ ≤ 417 METS-min/week and ∆SpO 2 ≥ 10%) that can enhance the overall risk stratification and add important information in the process of decision making and treatment options for patients with IPF, which further studies using large sample sizes should explore more extensively.
Possible mechanistic explanations for these findings can be related to the fact that physical inactivity is a well-established all-cause cardiovascular and respiratory mortality risk factor [7, 13, 14, [46] [47] [48] [49] . Regular engagement in PA was well documented in reducing the incidence of many chronic conditions, such as coronary artery disease, type-2 diabetes, stroke, several types of cancers, obesity, depression, and falls in elderliness. Moreover, the American College of Sports Medicine stated that PA is an effective evidence-based strategy to improve cardiorespiratory, metabolic, and musculoskeletal health, enhance well-being, as well as limit the progression of chronic diseases and disability in older adults [44] . Recently, ATS/ERS position stand (2013) documented that inactivity among chronic respiratory disease patients is associated with poorer outcomes, including higher mortality risk [10] . These reports were confirmed with findings of inactivity associated with poorer survival in patients with IPF [6, 12] . It is possible that even low PA levels (below the general PA recommendation of 150 min/week of moderate intensity)-as this study and others demonstrated-have a protective effect against disease progression and mortality, especially in ill and elderly populations, as in IPF patients [6, 12, 25] . This important issue needs to be ascertained in future large prospective studies.
ED was also clearly demonstrated as a significant risk factor for death and was associated with more severe conditions of IPF disease [1, 4] . Higher levels of desaturation during exercise usually suggests extended parenchymal fibrosis and an advanced disease stage, pronounced gas exchange abnormalities, severe dyspnea, and worsened survival in IPF [1, 34, 50, 51] . Our findings showed that ∆SpO 2 ≥ 10% is a good sensitive threshold for detecting high risk IPF patients, and as such may be considered for implementation in clinical and research settings, due to the low cost, ease of assessment, and practical availability. However, despite the strong association between PA and ED with mortality observed in the current study, given the multifactorial manifestation of the disease and the diversity of predictors, we believe that prognosis should be based on a combination of predictors rather than on a single variable, and future trials should address this issue using large cohorts and multivariate analyses.
A few possible limitations in our study are related to the small sample size and the level of IPF severity among patients (median: forced vital capacity (FVC); 68% predicted), thus caution should be taken with generalization of our findings. Despite these limitations, the study has a number of strengths: collecting data prospectively, analyses using various statistical methods for the detection of sensitive thresholds, and calculating the risk for mortality and survival analysis. Moreover, the study found novel, sensitive, and practical indicators that can be easily implemented in clinical practice. The number of participants in our cohort is comparable to a previous study of PA and prognosis in IPF [6] . An additional strength of the study is that PA levels were reported using one-on-one personalized interviews rather than self-filling questionnaires, which probably increased the accuracy of the self-reported PA. Moreover, IPAQ is accepted as a reliable and validated tool for the assessment of PA in many research and clinical settings [22] [23] [24] 52] , and recently was also studied in IPF subjects [53, 54] .
In summary, this prospective follow-up study originates new, simple, and practical prognostic cut-off points of PA levels and ED in IPF subjects. The results demonstrated that PA levels ≤417 METS-min/week and ∆SpO 2 ≥ 10% in 6MWT were significantly associated with increased risk of mortality. This study strengthens the evidence for assessing PA and ED for the detection of high-risk IPF patients and aids in addressing appropriate treatments, such as PA consultation, pulmonary rehabilitation programs, oxygen supplementation, and referral for lung transplantation. The findings also underscore that even low levels of PA seem to have prognostic benefits for IPF patients. We suggest considering physical inactivity as a new independent modifiable prognostic risk factor for IPF. Further research with large cohorts is warranted to encourage implementation and the establishment of PA assessments in standard clinical practice.
